INTRODUCTION The purpose of this study was to audit our current management of colonic trauma, and to review our experience of colonic trauma in patients who underwent initial damage control (DC) surgery. METHODS All patients treated for colonic trauma between January 2012 and December 2014 by the Pietermaritzburg Metropolitan Trauma Service were included in the study. Data reviewed included mechanism of injury, method of management (primary repair [PR], primary diversion [PD] or DC) and outcome (complications and mortality rate). RESULTS A total of 128 patients sustained a colonic injury during the study period. Ninety-seven per cent of the injuries were due to penetrating trauma. Of these cases, 56% comprised stab wounds (SWs) and 44% were gunshot wounds (GSWs). Management was by PR in 99, PD in 20 and DC surgery in 9 cases. Among the 69 SW victims, 57 underwent PR, 9 had PD and 3 required a DC procedure. Of the 55 GSW cases, 40 were managed with PR, 9 with PD and 6 with DC surgery. In the PR group, there were 16 colonic complications (5 cases of breakdown and 11 of wound sepsis). Overall, nine patients (7%) died. CONCLUSIONS PR of colonic trauma is safe and should be used for the majority of such injuries. Persistent acidosis, however, should be considered a contraindication. In unstable patients with complex injuries, the optimal approach is to perform DC surgery. In this situation, formal diversion is contraindicated, and the injury should be controlled and dropped back into the abdomen at the primary operation. At the repeat operation, if the physiological insult has been reversed, then formal repair of the colonic injury is acceptable.
Management algorithms for colonic trauma have evolved over the last few decades. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Following the experience of military surgeons during the Second World War, mandatory diversion of all colonic injuries became the standard of care in civilian practice. 1, 2 This dogma has been challenged since the last quarter of the 20th century as authors began to publish their experience with either exteriorised repair or selective primary repair (PR) of civilian colonic injuries. [3] [4] [5] [6] [7] [8] [9] [10] 12 The pendulum of surgical opinion swung increasingly away from mandatory diversion towards a policy of almost universal PR. [13] [14] [15] The debate changed from which cases should be managed with PR of a colonic injury to which subgroups of patients still required a diversion. The two situations where it was initially thought diversion would be required were civilians with a colonic gunshot wound (GSW) and patients with destructive colonic injuries. [13] [14] [15] [16] [17] Several authors, however, have reported fairly large series of civilian colonic GSWs that were managed successfully by PR. [3] [4] [5] [6] [7] [8] [9] [10] 12 Management of destructive colonic injuries still appears to be highly individualised. The emergence of damage control (DC) surgery towards the end of the 20th century once again changed the debate about primary colonic repair. The principle of DC is to avoid all definitive surgery in the unstable patient at the initial operation, and to control bleeding and soiling in an abbreviated procedure. [18] [19] [20] [21] [22] [23] [24] The controversies in colonic trauma revolve currently around management of destructive colonic injuries, initial selection of cases for DC and (once a DC approach has been chosen) how to manage colonic injuries that have been temporised during the initial procedure. The purpose of this study was to audit our current management and outcomes of colonic trauma, to review our experience of colonic trauma in patients who underwent DC surgery and to produce a clinical algorithm for assisting with the management of these injuries.
Methods
The Pietermaritzburg Metropolitan Trauma Service (PMTS) maintains a digital trauma registry. All trauma patients cared for by the PMTS are entered into this registry. All patients treated for colonic trauma between January 2012 and December 2014 were included in the study, and data pertaining to the following criteria were collected and reviewed: demographics, mechanism of injury, time of presentation, anatomical zone of injury, special investigations, anatomical injuries, method of management (PR, resection and anastomosis [RA], primary diversion [PD] or DC) and outcome (complications and mortality rate). Colon related morbidity was defined as anastomotic failure or the development of a colonic fistula and/or wound sepsis. Shock on presentation was defined as a systolic blood pressure of <100mmHg. Delay was defined as a period of >6 hours between injury and presentation. Systemic acidosis was defined as a base excess of ≤−5mEq/l.
Statistical methods
Given the small event numbers and expected cell counts of <5, differences in frequency of characteristics by anastomotic breakdown (leakage) and death were assessed using Fisher's exact test. Differences in mean base excess by outcome status was assessed using a standard t-test. A p-value of <0.05 was deemed statistically significant for all hypothesis tests. Data were analysed using Stata 13.0 (StataCorp, College Station, TX, US).
Results
A total of 128 patients (3 female) sustained a colonic injury during the two years under review. There were 2 patients younger than 13 years of age and 125 Africans in this cohort. Ninety-seven per cent of injuries were due to penetrating trauma. Of those due to blunt trauma, the mechanisms were motor vehicle accident, assault, fall and kick from a horse. Of the penetrating injuries, 69 (56%) were due to stab wounds (SWs) and 55 (44%) were due to GSWs. Just over half (55%) of the patients presented within 12 hours of sustaining the injury, a third (31%) presented within 24 hours and 14% presented after 24 hours (2% within 48 hours, 7% within 72 hours, 5% experienced a delay of >72 hours). A total of 15 patients were hypotensive on presentation and 108 were normotensive (data missing for five patients).
Management
Management was by PR in 99 cases (77%), PD in 20 cases (16%) and DC surgery in 9 cases (7%). Among the PR patients, 77 (78%) underwent a simple repair and 22 (22%) required RA. Of the patients in the latter group, 16 (73%) sustained a GSW, 4 (18%) a SW and 2 (10%) blunt trauma. Among the 69 SW victims, 57 (83%) underwent PR, 9 (13%) had PD and 3 (4%) needed a DC procedure. Of the 55 GSW patients, 40 (73%) underwent PR, 9 (16%) had PD and 6 (11%) required DC surgery. These data are illustrated in Figure 1 .
The need for RA was much higher for GSWs than for SWs. Of the four blunt injury cases, two had PR and two had PD. Among the whole study cohort, the reasons for PD were concern about the mechanism and injury severity (n=11), delay (n=3), necrotising fasciitis (n=2), contamination (n=2) and haemodynamic instability (n=2).
Injury location
The locations of the injuries were caecum (n=10), ascending colon (n=12), hepatic flexure (n=9), transverse colon (n=37), splenic flexure (n=15), descending colon (n=24) and sigmoid colon (n=21). Small bowel injuries were the most commonly associated injuries (n=29), followed by the stomach (n=17), diaphragm (n=14), liver (n=12), kidney (n=11), gallbladder (n=5), pancreas, spleen and bladder (n=4 each).
Intensive care unit
Thirty-seven patients (29%) required intensive care unit (ICU) admission. The injury severity score was <10 in 13 of these cases. Thirty-five (95%) of the ICU patients needed a repeat laparotomy. Of the 20 who underwent PD, 1 (0.5%) died of multiple organ failure and 5 (25%) developed wound sepsis. Of the nine patients who required DC surgery, 3 (33%) had a delayed colonic anastomosis at the repeat operation and 4 (45%) underwent faecal diversion. The other two patients died in the ICU prior to a definitive operation. Table 1 summarises the numbers of colonic anastomotic leaks and deaths in the study cohort, broken down by mechanism of injury, mode of repair and presence or absence of hypotension. In the PR group, there were 16 cases with complications related to anastomotic failure. These consisted of five breakdowns and eleven patients with wound sepsis. There were four anastomotic leaks and a single low output colonic fistula (Table 2) . Of the five anastomotic failures, four occurred secondary to a GSW and one secondary to a SW. This was not found to be significantly different. Only one of the leaks was secondary to a destructive colonic lesion, which required RA. The leak rate in the RA cohort was 4.5% (1/22) while for the entire PR group, it was 5.1% (5/99).
Complications
Individual case review identified a number of risk factors for anastomotic failure, which included technical error (n=2) and PR in the presence of clear indications for DC surgery (n=2). Of the five patients who experienced anastomotic breakdown, only two had sustained a right-sided colonic injury. In both of these cases, technical failure was considered to be a factor in the development of the complication. The other three cases of anastomotic failure occurred with left-sided colonic injuries.
Systemic hypotension was defined as a systolic blood pressure of <100mmHg on presentation. Although there was a higher rate of anastomotic breakdown among shocked patients, this was not statistically significant given the small numbers (p=0.112). There was, however, a significant difference in mean base excess between patients who suffered a leak (n=5) and those who did not (-8.0mEq/l vs -2.5mEq/l respectively, p=0.037) ( Table 1) . Delay was defined as a period of >6 hours between injury and surgery. There was no significant difference in mean delay between cases with breakdown and those without (p=0.231). In the 11 patients who developed colon related wound sepsis, there was a higher rate of anastomotic failure but this was not statistically significant (p=0.351). There was no significant difference in mean base excess by wound complication status (p=0.405) and no significant difference in mean delay by wound complication (p=0.428). 
Mortality
Nine patients (7%) died (Table 3 ). The cause of death was severe refractory septic shock (n=5), acute kidney injury (n=2), pulmonary embolus (n=1) and unexplained cardiac arrest (n=1). One patient, who had sustained a GSW, had a colonic leak. Five (9%) of the GSW victims, three (4%) of the SW victims and one (25%) of the blunt trauma victims died. There was a significant increase in mortality as management shifted from PR (4%) to PD (10%) to DC (33%). Those undergoing DC surgery were 8.3 times more likely to die than those in the PR group. PD patients were 2.5 times as likely to die as PR patients but this difference was not statistically significant. The presence of shock is ominous; 33% of shocked patients died (5/15) compared with 4% of nonshocked patients (4/108).
Discussion
The vast majority of injuries in this series were secondary to penetrating trauma and blunt injury cases remain uncommon. The literature over the last three decades suggests that PR of simple colonic injuries is a safe strategy and our experience supports this. Our anastomotic complication rate of 4% is in keeping with other reported rates. Of concern is the association with technical failure and/or poor patient selection and anastomotic breakdown in our series. 5, 6, 8 Inexperienced staff managing complex injuries will result in poor outcomes. This reflects systems failure and attention must be paid to ensuring that the appropriate levels of staff are involved in the management of these injuries. Septic wound complications remain common, occurring in 9% of our cases. The management of destructive colonic injuries remains contentious. Despite evidence that PR is safe, many surgeons still opt to perform a PD for a number of indications. 9, 10, 13, 14 In our cohort, 16% of the cases were managed with a PD procedure. The reasons given for PD varied; some were fairly uncontroversial (such as delay and obvious established fasciitis) but for a large portion of patients, the reason for performing PD was given as 'mechanism of injury'. This is an imprecise term but these cases are likely to have been GSW injuries. However, the available literature suggests that PR for GSWs is safe, and our own figures show that GSW and destructive colonic injuries are not in themselves associated with a higher incidence of anastomotic failure than SW injuries and simple PR.
There is no doubt that surgeons are reluctant to perform PR, for a number of reasons that need to be clarified. Nevertheless, PD is not necessarily safer than PR or DC surgery as evidenced by the high rate of septic complications and the fact that the mortality rate was twice that in the PR group. GSWs remain more destructive than SWs. Almost a quarter of the patients undergoing PR in our setting required formal large bowel RA and the need for RA was much higher in those sustaining a GSW than among SW patients. However, the leak rate in the RA cohort was 4.5% and that of the entire PR group was similar at 5.1%. This suggests that the extent of the injury and the mechanism of injury do not necessarily exclude PR as an option. It would appear that PR of a destructive colonic injury is safe provided there is no persistent acidosis. We could not show a correlation between shock as defined by the presence of hypotension and anastomotic failure. Deteriorating base excess, on the other hand, is associated with colonic breakdown and we advocate considering it a contraindication to PR.
Almost certainly, a patient with ongoing instability should qualify for DC surgery. [18] [19] [20] [21] [22] [23] [24] Those with hypovolaemic shock, metabolic acidosis, systemic hypothermia and complex intra-abdominal injuries should be subjected to an abbreviated laparotomy. Both PR and formal PD are inappropriate in this setting, and it is highly likely that a significant proportion of the PD patients in this series may have been better served by a DC approach. The higher mortality rate for those undergoing PD in our series suggests that this would have applied to several patients in this cohort. Figure 2 depicts a suggested algorithm for the management of colonic trauma based on our data and on contemporary reviews. 22, 23 If there are no indications for DC surgery and the colonic injuries are non-destructive, then PR is uncontroversial. If there are indications for DC surgery, this must be offered and PD should be avoided. If a destructive colonic lesion is present, clinical judgement is necessary. Our results imply that PD is associated with increased mortality and we would therefore suggest that the two acceptable options are PR or a DC operation. The ongoing controversy in DC surgery is the appropriate management strategy in patients who have undergone an initial abbreviated procedure and are now returning to theatre for definitive management. Our data are insufficient to draw any definitive conclusions but our experience suggests that delayed PR is an acceptable option if the patient's physiology has normalised completely. [18] [19] [20] [21] [22] [23] [24] Nevertheless, if there is persistent lactic acidosis and haemodynamic instability, then formal diversion remains the safest option. Continued collection of routine data as part of a trauma registry is needed to attempt to answer this question. 25 
Conclusions
PR of colonic trauma is safe and should be used in the management of the majority of colonic injuries. Persistent acidosis, however, should be considered as a contraindication to PR. In unstable patients with complex injuries, the current optimal approach is to perform DC surgery. In this situation, formal diversion is contraindicated, and the injury should be controlled and dropped back into the abdomen at the primary operation. At the repeat operation, if the physiological insult has been reversed, then formal repair of the colonic injury is acceptable. 
